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REMARKS ON THE QUESTION OF INTERCALA- 
TION OF VERTEBRAE. 



G. BAUR. 

Professor H. C. Bumpus ('97) has published in the last 
number of the Journal of Morphology, vol. ii, No. 2, February, 
1 897, a paper on the skeletal variations of Necturus maculosus 
Raf. 1 Radiographs of one hundred alcoholic specimens were 
prepared, and the variations of the number of vertebrae with 
reference to the position of the sacrum were determined. G. 
H. Parker ('96, pp. 71 1-717) had already examined 27 specimens 
and found the following variations : 

The pelvis is attached to the 19th vertebra in 19, to the 20th 
vertebra in 6 specimens. In one case the 19th vertebra had a 
well-developed sacral rib on the left side, the right sacral rib 
being on the 18th vertebra. In another specimen the sacral 
ribs were on the 20th on the left and on the 21st vertebra on 
the right side. Among these 27 specimens were found, there- 
fore, two with asymmetrical sacral vertebrae, to which the 
pelvis was attached obliquely. 

Bumpus' results are the following: 



Number of 
Specimens. 


Number of 
Presacral 
Vertebrae. 


Sacral Vertebra. 

Ribs 
attached at the 
Left. Right. 


64 
28 

7 
1 


18 

19 
18 
18 


19 

20 

19 20 

20 19 



1 " Maculosus " is the correct name given by Rafinesque in the American 
Monthly Magazine and Critical Review, vol. iv, No. I, New York, November, 
1818, p. 41 (Sirena maculosa). In 1819 he called it Necturus maculatus, Journ. de 
Physique, vol. 88, i8i9,p. 418, and in 1820 Necturus maculosus, Annals of Nature, 
or Annual Synopsis of New Genera and Species of Animals, Plants . . . Discovered 
in North America by C. S. Rafinesque. First annual number, for 1820. Tran- 
sylvania University, March 1, 1820, Lexington, Ky. 
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In 127 specimens the ilium was therefore attached either to 
the 19th vertebra 83 times, or to the 20th 34 times, or to 
the igth and the 20th obliquely 8 times, or to the 20th and 
2 1 st obliquely once. 

The reason of this variation is this : The ilium is attached 
very loosely to the sacral ribs by ligament, as in Proteus and 
Amphiuma. There are no distinctly modified sacral vertebrae, 
and hence it is not surprising at all that the ilium is not attached 
always to the same vertebra. The sacral region has not the 
power of developing sacral ribs at several points on both right 
and left sides, but the pelvis may attach itself — for it be- 
comes secondarily united with the vertebral column — to 
any of the vertebrae of the pelvic region. In Necturus we 
have all the variations possible for the attachment of two 
consecutive vertebrae, the 19th and 20th; only in one case 
the ilium reaches the 21st vertebra, and in this case the pelvis 
is oblique. 

The Amphibia are descended from fishes in which the pelvis 
is never in connection with the vertebral column. In Necturus 
and Proteus the ilium is very loosely connected with the distal 
processes of the sacral ribs. Necturus and Proteus belong to 
the Proteida, the only group of living Amphibia with a free 
paroccipital [opisthotic]. The attachment of the ilium to a 
definite vertebra has not yet become constant. If one hundred 
specimens of a lizard, of a crocodile, or of a turtle should be 
examined, exceedingly few variations would be found. The 
great variability in the attachment of the pelvis to the vertebral 
column in the tailed Amphibia is a result of the loose connec- 
tion between both. Very many more cases of asymmetrical 
sacra have been described in the tailed Amphibia, than stated 
by Parker, who knows only that of Lucas ('86, p. 561) in 
Cryptobranchus (Menopoma). They were described as early as 
181 8 in Triturus (Molge) cristatus Laur. by C. A. S. Schultze 
C 18 » P- 379). and in 1825 by Cuvier ('25, p. 414) ; in Triturus 
vulgaris L. and Salamandra salamandra L. (maculosa Laur.) by 
Claus in 1876 ('76, p. 23) ; in Megalobatrachus maximus Schlegel 
by Schmidt, Goddart, and Van der Hoven in 1862 ('62), by 
Claus in 1876 ('76, p. 29) ; in Cryptobranchus (Menopoma) 
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alleghaniensis Daudin, by Mayer in 1835 ('35, p. 78), Hyrtl in 
1 864 ('64, pp. 264-272), and Claus in 1876 ('76, p. 29). 

Nearly all these cases have been recorded by Claus in 1876 
in an excellent paper: " Verschiebungen des Darmbeins und 
der Sacralregion der Wirbelsaule von Amphibien." This very 
important paper has been overlooked by both Parker and 
Bumpus. Claus says : " Unter Ausschluss des ersten als 
Halswirbel zu bezeichnenden Wirbels und des letzten oder 
Sacralwirbels reprasentirt die Wirbelsaule des Rumpfes [bei 
den geschwanzten Amphibien] eine gleichmassig gestaltete 
Dorsolumbalregion von machtiger Ausdehnung, deren hintere 
Grenze aber bei der Verschiebung und Lagenverdnderung des zum 
Os ileum bezogenen Sacralwirbels nach der Caudalregion hin 
keineswegs unverdnderlich, vielmehr mannigfachen Schwank- 
ungen ausgesetzt ist. Fur diese thatsachlich stattfindende 
Bewegung des Darmbeines in der hinteren Grenzgegend des 
Rumpfes glaube ich eine Reihe unzweideutiger Beweise 
vorlegen zu konnen. Anstoss zu den mitzutheilenden Beob- 
achtungen gab mir der Vergleich von zwei in der hiesigen 
[Wiener] Sammlung aufgestellten Menopomaskeleten, von 
denen das eine die von Hyrtl beschriebene asymmetrische 
Gestaltung des vorderen Caudalwirbels zeigt. Diese und ahn- 
liche fiir mehrere Eidechsen nachgewiesenen Asymmetrien, 
diez war unter dem Begriff der ' Assimilation ' subsummirt, 
damit aber in ihrer Bedeutung noch keineswegs verstanden 
waren, legten mir den Gedanken nahe, dass es sich bei diesen 
Bildungen nicht etwa um abnorme Missgestaltungen, sondern 
um allmalige Verschiebungen des Os ileum handelt, welche ein 
Vorwartsriicken des Kreuzbeins vorbereiten; und mit einer 
regelrechten Lageveranderung desselben als Uebergangsstufen 
in Verbindung zu bringen sein mochten." 

We see that Claus had fully recognized the true nature of 
these conditions. The following is a table compiled from differ- 
ent authors; many of these cases have been recorded by Claus. 

All the variations in the position of the sacral vertebra 
given in this list are produced by the shifting of the pelvis. 1 

1 The same conclusion was reached by Jhering in his study of the spinal 
nerves, Ueber das peripherische Nervensystem der Wirbelthiere, Leipzig, 1878. 
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The most striking case of increase of presacral vertebrae dur- 
ing the ontogeny of one species is shown by Branchiosaurus 
amblystomus Cred., a Stegocephalian from the Permian of Ger- 
many. The number of the presacral vertebrae is smaller in 
the younger specimens, and gradually increases until the adult 
stage is reached. Credner ('86, p. 620) gives the following table : 



Length of Vertebral Column 




from Posterior Border of Skull 


Number of Presacral 


to the Anterior End of the 


Vertebrae. 


Sacral Vertebra. 




19 


20 


2 3 


20 


25 


20 


26 


20 


27 


20 


28 


21 


3° 


21 


3 2 


21 


33 


21 


37 


22 


39 


23 or 24 


43 


25 or 26 


48 


25 or 26 


5° 


26 


52 


26 


54 


26 or 27 


56 


26 or 27 



We have here the highest number of sacral variations that 
has been observed. 

Having considered the Amphibia, we may now pass over to 
the Reptilia. Hyrtl ('64, pp. 264-272) has described in 1864 
asymmetrical sacra in the following lizards : Lophura atnboi- 
nensis Schlosser, Atnphibolurus (Gratntnatophora) barbatus Cuv., 
and Tupitiambis (Ctenodon) nigropunctatus Spix. In the living 
Crocodilia the number of the presacral vertebrae is 24, which 
are all procoelous or concave-convex. There are two sacrals : 
the first one is concave-plane, the second plane-convex, and the 
first caudal is biconvex; all the following caudals are like the 
cervicals, procoelous. 
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Among eleven skeletons Reinhardt ('73, pp. 221-228) found 
three with three sacral vertebrae. 

1 . Caiman sclerops Schneid. The last lumbar is transformed 
into a sacral. There are only 23 presacral vertebrae. 

2. Crocodilus americanus Laur. (acutus Cuv.). There are 
three sacrals; the first two are the normal; the first is concave- 
plane, the second plane-plane, and the third plane-convex; 
all the following are procoelous, and the first bears a chevron. 
The first caudal has been taken up by the sacrum. There are, 
however, only 23 presacral vertebrae. 

3. Crocodilus americanus Laur. Three sacrals. The first 
caudal is transformed into a sacral vertebra, and there are 24 
presacral vertebrae. 

4. Another case with three sacral vertebrae has been described 
by Case ('96, pp. 231-233). There are 24 presacral vertebrae. 
The 25th has the sacral ribs inclined backwards and becoming 
slender. The 26th has strong thick ribs; and the 27th has 
also well-developed ribs articulating with the ilium. This ver- 
tebra is seemingly biconvex. The first chevron is attached 
between the 28th and 29th. The first caudal has been taken 
up into the sacrum. Both sides are symmetrical. 

5. I have described a case in Alligator mississippiensis Daud. 
The last lumbar possesses small sacral ribs, which, however, 
do not reach the ilium. In front of this there are 23 presacral 
vertebrae ('86, p. 690). 

6. Crocodilus americanus Laur {acutus Cuv.), No. 129, B. 
Museum, Cambridge, England. The 25th vertebra has a 
strong presacral rib on the right side; it is much weaker on 
the left, and united with the center. The 26th shows typical 
sacral ribs; the 27th bears on the left side a strong free sacral 
rib, on the right side a weaker rib but free. The ilium is sup- 
ported on the left principally by the 25th and 26th, at the right 
by the 26th and 27th vertebrae. The 28th is biconvex. Here 
we have an asymmetrical sacrum. This case was published 
by me in 1889 ('89, p. 240). 

7 and 8. In two specimens of Crocodilus porostis Schneid. 
(biporcatus Cuv.) in the Reichsmuseum of Leyden there are 
only 23 presacral vertebrae ('89, pp. 240, 241). 
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In all these cases we have shifting of the pelvis. 

Professor Bumpus does not believe in intercalation, but there 
are true cases of intercalation, as I shall show. The Gavial 
case has been accepted by Parker, but not by Bumpus. The 
original description was published in 1886 ('86, p. 689, also 
'91, p. 334). " Bei einem Exemplar von Gavialis gangeticus 
finde ich 25 praesacrale Wirbel; zwischen dem 9. und 10. Wirbel 
ist ein solcher eingeschaltet, wie aus der Configuration der Dia- 
und Parapophysen genau bestimmt werden kann." It is a well- 
known fact that in all living Crocodilia with normal vertebral 
column there are 24 presacral vertebrae, two sacrals, and many 
caudals. All the presacral vertebrae are concave-convex; the 
first sacral is concave in front, plane behind; the second plane 
in front, concave behind; the first caudal is biconvex. In the 
Gavial with 24 presacrals and the Gavial with 25 presacrals, 
the two sacrals and the first caudal are absolutely identical in 
structure. In the first case the first caudal is the 27th, in the 
second the 28th. Therefore one vertebra must have been inter- 
calated between two of the 24 presacral vertebrae. I determined 
these vertebrae as the 9th and 1 oth. Here are my reasons. It 
is very well known that the vertebrae of the Crocodilia are very 
different in form, passing from the atlas to the sacrum, and 
these differences have been very well described by Huxley in 
his Anatomy of Vertebrates (1871). Omitting a consideration 
of the first two vertebrae, the atlas and axis, concerning the 
identity of which there can be no doubt in the two specimens, 
we may examine the following vertebrae. The other cervicals 
all possess ribs with distinct and long capitula and tubercula 
— the latter attached above the neurocentral suture to the 
neural arch, the former to the centrum below the neurocentral 
suture. The body of each cervical rib, after the second and as 
far as the seventh and eighth, is short and prolonged in front 
of, as well as behind, the junction of the capitulum with 
the tuberculum; and the several ribs lie nearly parallel with 
the vertebral column and overlap one another. The ribs of the 
eighth vertebra are a little longer than those of the seventh ; 
the ninth rib is very much longer than the eighth, and has a 
terminal cartilage. 
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The points to which the capitula and tubercula of the ribs 
are attached are raised into tubercles, and by degrees these 
become elongated into distinct capitular and tubercular proc- 
esses, — diapophysis and epapophysis, — between which in the 
third to the tenth vertebrae, the neurocentral suture passes. 
In the ninth and the tenth the diapophysis ascends to the level 
of the neurocentral suture, and in the eleventh it ascends with 
its upper half to the neural arch, being traversed by the neuro- 
central suture. At the same time the epapophyses become 
more and more elongated. In the twelfth vertebra a sudden 
change in the character of the transverse processes takes place. 
There is no true diapophysis any longer ; the capitulum is also 
connected with the long epapophysis at the anterior middle 
portion. In all the following vertebrae up to the lumbar region 
the ribs are connected with the strong epapophyses. hi all 
the Crocodilia the first vertebra which carries the ribs completely 
on the transverse process, is always the twelfth. In Gavialis, 
with 2 5 presacral vertebrae, it is the thirteenth. There are 1 2 
vertebrae behind this one in all the Crocodilia and the abnormal 
Gavial; therefore in front of this one .a vertebra must have 
been added. By careful comparison it was found that this addi- 
tional vertebra is intercalated between the ninth and tenth. 
The vertebra resembles the ninth and tenth in having the capit- 
ulum completely placed on the center just on the level of the 
neurocentral suture. In all the Crocodilia there are two such 
vertebrae; in the abnormal Gavial, three. In this case we have 
no shifting of the pelvis, but true intercalation. 

In my paper on intercalation I made the following remark : 
" If intercalation takes place at all, we ought to expect traces 
of it in such forms which show a great increase in the number 
of vertebrae, for instance, snakes, different families of lizards, 
and plcsiosaurs " ('91, p. 333). The enormous number of 435 
of the vertebrae in Python molurus Linn, has certainly not been 
reached by adding vertebrae at the distal end, but by the inter- 
vertebral increase of the smaller numbers. It is evident that inter- 
calation can only be proved by the presence of half-divided verte- 
brae, and it is very interesting, and certainly not accidental, that 
in snakes such half-divisions have been observed quite frequently. 
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Python molurus Linn. (P. tigris Daud). In a skeleton of this 
snake in the Museum of the Royal College of Surgeons of Eng- 
land in London, No. 602, the following peculiarities of structure 
are to be seen. Up to the 147th inclusive the vertebrae are 
normal, each having a pair of transverse processes and a pair 
of ribs. The next vertebra is normal anteriorly, and as far as 
the level of the posterior surface of the transverse processes, 
save that its neural spine is rather small from before backwards. 
The transverse processes bear a pair of normal ribs. But 
behind this pair of transverse processes the parts begin again, 
rising again into a neural spine, and growing outwards into a 
second pair of transverse processes, with a second pair of nor- 
mal ribs. Posteriorly again the parts are normal. These 
two segments are not the result of ankylosis, but of imperfect, 
division. 

In the same specimen the 166th vertebra is normal on the 
left side, bearing one transverse process and one rib, while on 
the right side there are two complete transverse processes and 
two ribs. The 185th shows the same condition, being double 
on the right side and single on the left. (Owen, 1853, p. 123; 
Baur, 1889, p. 333; Bateson, 1894, pp. 103-105.) 

Python sebae (Gmelin), Museum Brussels. The 195th ver- 
tebra is single on the right side, and double with two ribs on 
the left. Besides 195 is ankylosed with 196. (Albrecht, 1883, 
pp. 21-34, PI. II, Figs. 1-4; Furbringer, 1888, vol. ii, pp. 975, 
976 ; Baur, 1889, p. 332; Bateson, 1894, p. 105.) 

Python sp., Cambridge University Museum. 168th vertebra 
double on the left side. (Bateson, 1894, p. 105.) 

Hydrus platurus Linn. (Pelamis bicolor Daud), No. 763, 
Yale University Museum. The 212th vertebra simple on the 
left side, with one rib; double on the right side, with two ribs. 
(Baur, 1889, p. 333.) 

Cimoliasaurus plicatus Phillips (Plesiosauria), No. 48,001, 
British Museum, London. Cervical vertebra divided on one 
side with two ribs. (Lydekker, 1889, p. 238; Baur, 1889, 
p. 333; Bateson, 1894, p. 105.) 

In Python there may be as many as 435 vertebra, and in 
Cimoliasaurus plicatus we have 44 cervicals. 
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The increase of the number of cervical vertebrae in the Plesio- 
sauria is certainly not produced by a shifting backwards of the 
shoulder girdle, but by addition of new vertebrae by intercala- 
tions, as will be seen from the following table : 

Table showing the Number of Vertebrae in Plesiosauria. 





Cervicals. 


Dorsals. 


Sacra ls. 


Caudals. 


Pliosauridae 










Pliosaurus evansi Seeley 


19-20 








Peloneustes philarchus Seeley 


20-21 








Plesiosauridae 










Plesiosaurus rostratus Owen 


28 


20 


2 


34 


Plesiosaurus macrocephalus Owen 


3° 


20 


2 


18+* 


Thaumatosaurus megacephalus Stutch- 


3° 


26 


2 


34 


bury 










Plesiosaurus hawkinsi Owen 


3' 


23 


2 


— 


Cryptodidus oxoniensis Phillips 


3« 


2 3 


2 


23+ 


Plesiosaurus guilelmi-imperatoris 


35 


20 


2 


37 


Dames 










Plesiosaurus conybeari Sollas 


38 


21 


2 


5+ 


Plesiosaurus homalospondylus Owen 


38 


22 


2 


25+ 


Plesiosaurus dolichodeirus Conybeare 


41 


21 


2 


30+ 


Muraenosaurus plicatus Phillips 


44 








Elasmosauridae 










Elasmosaurus platyurus Cope 


72 


20 


2 


23+ 



Everybody who will examine this table must admit that the 
increase of the number of cervical vertebrae can only be 
explained by intercalation. We see, therefore, that intercalation 
really occurs. 

All the cases enumerated in the table of the Amphibia 
caudata and the cases of the Crocodilia demonstrate the shift- 
ing of the pelvis, a process which I have always admitted. 

In the Ecaudata (Batrachia) we find the same processes, as 
has been shown in an excellent paper just published (after I 
had written my paper) by W. G. Ridewood, " On the Devel- 
opment of the Vertebral Column in Pipa and Xenopus," Anat. 
Anz., xiii, Bd. 10, April 1897, No. 13, pp. 359-376, with 4 
figures. 

* + means that the tail is not completely preserved. 
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Ridewood has discussed fully all the known cases of varia- 
tion in the number of presacral vertebrae in the Ecaudata. He 
makes the following remarks (p. 366) : " Throughout the whole 
group of the Anura (Ecaudata) the number of presacral verte- 
brae, and consequently the morphological position of the sacrum, 
is remarkably constant ; and the wonder is that variations and 
abnormalities are not more common. When variation in the 
number of presacral vertebrae does occur, the explanation is to 
be sought, not in the intercalation or excalation of vertebrae, 
which, as Parker ('96) has already pointed out, are to be looked 
upon as very rare occurrences, but rather in the shifting of the 
ilium forwards or backwards on to the vertebra in front of or 
behind the normal. The vertebrae are from their mode of 
development intimately connected with the myotomes of the 
body, but the pelvis is less directly influenced by the primitive 
segmentation. It is a matter of little import whether it de- 
velops a little in front of or a little behind its normal position, 
and, in whatever position it develops, it seeks to gain attach- 
ment to that part of the axial skeleton which happens to be 
nearest. The vertebrae respond, and their lateral parts become 
modified accordingly in size and shape. 

" In Anura (Ecaudata) those diapophyses which, during devel- 
opment, happen to come nearest to the upper extremities of 
the ilia enlarge in anticipation long before they come into 
actual contact with the pelvis. The diapophyses so affected 
are usually those of the ninth vertebra, and so this has come 
to be regarded as the normal sacral vertebra; but it may be 
those of the eighth or the tenth, or even a combination of these, 
forming a compound sacrum. The tenth vertebra is, like 
those succeeding, only ' potential,' and as a rule does not dif- 
ferentiate; but when from proximity of the ilium an additional 
strain is thrown upon the resources of the somite, its latent 
capacity for development is awakened, and a well-formed verte- 
bra with strong diapophyses results. 

" As soon as we admit that, in Anura at least, any vertebra can 
become sacral, and that it only requires the stimulating presence 
of the iliac cartilages to induce an exaggerated development of 
the diapophyses, all the mystery of abnormal sacra is dispelled, 
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'whether the abnormality is due to the asymmetry, or to the 
compound nature of the sacrum, or to a combination of these." 
With these very pertinent remarks I close this paper. 

University of Chicago, 

Laboratory of Palaeontology, May 6, 1897. 
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